Abstract: N,N'-Carbonyl difatty amides (CDFAs) have been synthesized from palm oil using sodium ethoxide as catalyst. Ethyl fatty esters (EFEs) were produced as a by-product as well as glycerol. The synthesis was carried out by reflux palm oil and urea in presence of ethanol. In this process, palm oil gave 79% pure CDFAs after 8 hours and molar ratio of urea to palm oil was 6.2: 1 at 78 . Both CDFAs and EFEs have been characterized using elemental analysis, Fourier transform infrared (FTIR) spectroscopy and 1 H nuclear magnetic resonance (NMR) technique.
INTRODUCTION
Fatty amides have attracted much attention due to their activities against bacteria, yeasts, and molds 1) and industrial applications as surfactants, lubricants, cosmetics, shampoos, detergents, antifoams and other utilizations 2, 3) . There are several reports on the synthesis of fatty amides from fatty acids or their esters with various amine compounds either under high temperature and pressure 4, 5) or by enzymatic synthesis [6] [7] [8] . Vegetable oils are given considerable attention as they are biodegradable, renewable, non toxic, environmental friendly and easily available. Triglycerides in oils can be converted into their fatty amides via amidation 9, 10) . Neeraj et al. (2007) reported that fatty amides were synthesized from fatty acids with urea instead of amine compounds 11) . Since urea has two amide groups, it reacts with diester such as diethyl malonate to form barbituric acid 12, 13) . Although vegetable oil is triester of glycerol with different saturated and unsaturated fatty acids, our literature search apparently shows no report regarding the amidation of vegetable oil by urea to produce difatty amide. This paper describes that CDFAs can be synthesized from palm oil by a refluxing it with urea using sodium ethoxide as a catalyst. The presence of long chains fatty acids from palm oil (mainly 16 and 18 carbon atoms) containing O and N donor set suggests CDFAs should be very useful as organic reagents for extraction and separation of metal ions from aqueous solution. Additionally, CDFAs offer the potential application as surfactants for Clay modification to produce polymer nanocomposites. EFEs are produced as a side product. EFEs can be used as major component of biodiesel fuel which is considerable an alternative energy to substitute petroleum 14, 15) .
EXPERIMENTAL

1
Palm oil was obtained from Ngo Chew Hong Oils and Fats (M) Sdn. Bhd., Malaysia. Urea, ethanol and sodium metal were purchased through local suppliers from Merck, Germany.
2
In a 250 mL round-bottomed flask fitted with a reflux condenser and a magnetic stirrer, finely cut sodium was dissolved in 100 mL of super-dried ethanol. After all the sodium has reacted, palm oil was then added into this solution followed by dried urea (which was obtained by drying at 60 for 4 h) dissolved in 50 mL of hot (70 ) ethanol. After mixing by shaking, the mixture was refluxed for 8 h on an oil bath at 78 The contents of the flask were cooled to room temperature, transferred into a separatory funnel and allowed to settle over night. The bottom layer comprised of glycerol was removed. The top layer which com-prised of the products, was poured into a beaker, and mixed with 100 mL of hot distilled water (60 ) and 10 mL of concentrated hydrochloric acid, and stirred for 15 min. Difatty amide solution was separated from the white mass of ethyl fatty ester by filtering. The clear solution containing difatty amide was then cooled in an ice bath. The pale yellow product was collected on a Buchner funnel and washed with 50 mL of cold water and then dried in a vacuum desiccator over phosphorous pentoxide. The conversion of palm oil into CDFA was 79%. The preparation reaction is shown in the . The proposed mechanism of palm oil into difatty amide and ethyl fatty ester is shows in . By using the base catalyst (sodium ethoxide), the first step leads to proton withdrawing from ( NH 2 ) in urea molecule, as proposed in our system ( ). As illustrated in the , the urea ion attacks one carbonyl of the triglyceride group and forms N-carbamoyl fatty amide which attacks the second carbonyl of the triglyceride group after proton withdrawing from it by base catalyst. After two consecutive reactions, 2,3-dihydroxypropyl fatty ester, 1,3 dihydroxypropan-2-fatty ester (as intermediates) and N,N'-carbonyl difatty amide are formed. In the last step ( ), the alkoxy group attacks the third carbonyl of the triglyceride group and forms ethyl fatty ester and glycerol 16) .
3
Qualitative analysis of amide groups of CDFAs was carried out by observing the colored complex formed after the ethanolic solution of the CDFAs reacted with copper (II). The presence of amide in CDFAs was also determined by FTIR spectra. FTIR spectra in the range 4000-280 cm -1 were obtained using Perkin-Elmer 1650 infrared fourier transform spectrometer by KBr pellet technique.
Elemental analyzer (LECO CHNS-932) was used for quantitative analysis of nitrogen contents. The determination was carried out under O 2 and N 2 atmospheric conditions using sulfamethazine as a standard. The presence of amide (CO NH) proton in CDFAs was determined by 1 H Nuclear Magnetic Resonance (Joel, Japan) using CDCl 3 as a solvent.
RESULTS AND DISCUSSION
1
Complex formation test
Complexes of CDFAs with copper (II) is green which is a common color of the complex observed when this metal ion is reacted with amide group 17) .
FTIR spectra
Characteristic bands of palm oil were observed at 3010, 2922, 2855, 1743, 1462, 1160, and 721 cm -1 resulting from C-H stretching of CH=CH, C-H asymmetric stretching of CH 2 , C-H symmetric stretching of CH 2 , C=O stretching of ester (glyceride), CH 2 scissoring, O-C-C stretching, and CH 2 rocking, respectively 11) . CDFAs spectra show new bands at 3346, 1624 and 1046 cm -1 attributed to N-H stretching, C=O stretching and C-N stretching of amide, respectively. The disappearance of peaks at 1743 and 1162 cm -1 and appearance of peaks at 3346, 1624 and 1046 cm -1 indicate that fatty amides have been formed 10) . EFEs spectra show the presence of the major absorption bands of palm oil but with no existence of peaks which correspond to amide. 3. The average fatty acid composition for palm oil is reported as being 0 -0.4% arachidic (C20:0), 0-0.6% linolenic (C18:3), 8.7-12.5% linoleic (C18:2), 37.4 -44.1% oleic (C18:1), 3.7 -5.1% stearic (C18:0), 39.2 -45.8% palmitic (C16:0), 0.9-1.5% myristic (14:0) and 0.1% lauric (12:0) fatty acids 18) . Based on this average fatty acid composition, the theoretical nitrogen content of the CDFAs is 4.92%. The nitrogen content of the CDFAs was 4.91% analyzed by elemental analysis while there was no significant presence of nitrogen in EFEs.
2
The optimal reaction time for the synthesis of CDFAs was determined by performing reaction at varying reaction time in the range 1-12 h.
shows that the reaction preceded rapidly in the first 8 h. The maximum conversion is obtained at the reaction time at around 10 h but the rate of the reaction after 8 h is small as the reaction reaches the equilibrium state.
3
One of the important parameters that affect the conversion to carbonyl difatty amides is the molar ratio of urea to palm oil.
shows that the change of the conversion under reaction conditions as a function urea/palm oil ratio (mmol/mmol). The percentage of difatty amide is highest when the ratio of urea/palm oil is at 6.2 mmol to 1 mmol. In this graph, when the urea-feeding amount increased, the conversion was increased considerably. The maximum conversion of about 80% was obtained when the molar ratio was very close to 6.2:1 for CDFAs. Further increase in ethanol or urea concentration decreases the reaction conversion due to inhibitory effect.
4
Ethoxide ion is an active type in the process as base catalysts used for amidation reactions 16) . This reaction was carried out in the presence of homogeneous sodium ethoxide to produce CDFAs. The results of this experiment are shown in . However the reaction proceeded rapidly in the beginning, the conversion levelled off after further increase of catalyst. The highest production of CDFAs is obtained when the ratio of catalyst: Palm oil is 5.9 mmol: 1 mmol.
The optimal reaction conditions for maximum conversion of palm oil into CDFAs were presented in .
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CONCLUSION
This study shows that carbonyl difatty amides were successfully synthesized by refluxing palm oil, ethanol and urea in the presence of sodium ethoxide as catalyst. In addition to glycerol, ethyl fatty esters were produced as the side products. The best suitable conditions of reaction were investigated. It was found that at 78 temperature, 6.2: 1 molar ratio of urea to palm oil, 5.9: 1 molar ratio of catalyst (sodium ethoxide) to palm oil and 8 hour reaction time were the best suitable conditions of reaction. Qualitative analysis of complex formation, FTIR spectroscopy, 1 H NMR technique and elemental analysis results confirm the formation of difatty amides. 
